WHAT'S KNOWN ON THIS SUBJECT: Stressful events adversely affect the immune system, particularly the natural killer (NK) cells. Infants in the NICUs are exposed to stressful stimuli. The effect of massage therapy on the immune system of preterm infants has not been investigated.
Stressful life situations are associated with increased risk of developing infection and cancer in humans, 1 possibly due to the impact on the immune system, particularly natural killer (NK) cell number and function (cytotoxicity). 2, 3 NK cells are lymphocytes that exhibit cytolytic activity against tumor cells or cells infected with viruses. 4 ,5 NK cytolysis of virus-infected cells is an important component of innate immunity and antibody-dependent cellular cytotoxicity. 6 Compared with adult NK cells, neonatal NK cells exhibit decreased cytotoxicity and reach the adult level at 1 to 5 months of age. 7 NK cell numbers and cytotoxic activity are significantly lower in premature infants compared with full-term newborns. [8] [9] [10] There is a correlation between low NK cytotoxicity and susceptibility to viral infections. [11] [12] [13] [14] [15] Decreased NK cytotoxicity against herpes simplex virus-infected cells in human cord blood cells has been associated with severe and recurrent herpes simplex virus diseases in infants. 11, 12 The reduced NK cell cytotoxicity and deficient antibody-dependent cellular cytotoxicity against HIV-infected cells in premature infants explains in part the increased risk of vertical transmission of HIV infections in preterm infants. 13 Infants admitted to the NICU are continuously exposed to stressful stimuli such as loud noises, bright lights, and procedure-related activities. 16, 17 To reduce the amount of stress in the NICU, the use of tactile interventions such as massage therapy (MT) has been studied. MT has been associated with increased weight gain, [18] [19] [20] [21] shorter hospital stay, 18, 20, 22 cost savings, 18 fewer behavioral signs of stress, 18 and improvement in mental and motor development. 18, 20, 23 MT has been shown to increase the immune function including NK cell numbers and cytotoxicity in healthy adults, adults infected with HIV, [24] [25] [26] and adults with cancer. 27 Impact of MT on immune parameters (including NK cell numbers) was evaluated in Dominican HIV-infected children aged 2 to 8 years (22 in the massage and 25 in the control group) for 3 months. 28 At the end of the study, increase in NK cells was noted in younger patients (2-to 4-year-olds) who received MT; however, evaluation of NK cytotoxicity was not performed.
Effects of MT on the immune system of premature infants have not been investigated. We therefore conducted a prospective randomized double-blind placebo-controlled trial to examine the effects of MT on the immune system of premature infants, in particular the NK cell numbers and cytotoxicity.
Our primary hypothesis was that MT would enhance the immune system of stable premature infants so that infants receiving MT would report a 35% increase in the proportion of NK cells (in comparison with a 10% increase for infants in the control group). Our secondary hypotheses were that compared with sham therapy, MT would enhance NK cytotoxicity, induce more rapid weight gain, shorten the length of hospital stay, and reduce the number of culture-proven infections. The primary outcome of the study was increase in proportion of NK cells. Secondary outcomes included assessment of NK cytotoxicity, cellular immune function (T and B cells, T-cell subsets), length of hospital stay, and number of cultureproven infections.
METHODS

Inclusion Criteria
Study entry criteria included medically stable premature infants with birth weight between 600 and 1800 g and at 28 to 33 weeks' postmenstrual age (PMA). Stability was defined as lack of need for supplemental oxygen, systemic antimicrobial therapy for infection, or a central line. Subjects were excluded if they had a history of necrotizing enterocolitis, receipt of steroids, history of congenital infection, presence of congenital malformations, chromosomal abnormality, contraindication to blood draw such as bleeding disorder or severe anemia, or receiving human milk feedings. Infants receiving human milk feedings were excluded because human milk is known to contain immunerelated compounds that could potentially affect study outcome. 29 
Treatment Groups
The study protocol was reviewed and approved by Wayne State University' s Institutional Review Board. Written informed consent was obtained from a parent or legal guardian. Infants were randomized by a research nurse based on PMA on day of randomization in 6 permuted blocks (28-33 weeks) with block sizes of 6 subjects per block generated by the study biostatistician by using a computer-generated sequence provided by Randomization.com (http:// www.randomization.com). The investigators, physicians, staff nurses, biostatistician, laboratory research associate, and parents were blinded and were not aware of the treatment status of these infants.
Neonatal research nurses who are certified in infant MT performed all study interventions (massage or sham) behind wide screens. Parents and bedside care delivery staff were asked to leave the infants' bedside during the study intervention. To ensure that the nurses' massage techniques do not drift over time, refresher massage sessions were conducted every 6 months.
Infants randomized to the massage group (method described by Field et al 18 ) received MT behind 2 wide screens for 45 minutes a day (three 15-minute sessions) from Monday to Friday for a maximum of 4 weeks or until hospital discharge (whichever came first). Each 15-minute session consisted of three 5-minute phases: tactile, kinesthetic, then tactile (Fig 1) . Infants randomized to the control group received no massage; however, the research nurse remained behind the 2 wide screens and spent the same amount of time without physical contact with the infants. Hands were washed thoroughly before and after contact with each infant. Gowns were also worn.
A "set" of study intervention was defined as 5 consecutive full days of therapy received. The majority of infant massage studies in the United States reported benefit (weight gain, stress reduction) after only 1 set of 5 consecutive days (Monday to Friday) of study intervention (a total of 5 days). 20, 21, [30] [31] [32] Based on these studies, we consider 1 set of 5 consecutive full days of study intervention to be the minimum intervention required to produce evaluable results.
Adverse Events Monitoring
Infants were closely monitored for adverse events (AEs) (eg, apnea, bradycardia, oxygen desaturations, tachypnea, abdominaldistention,feedingintolerance, and others) that may arise during study intervention. AEs were reported to the study Data and Safety Monitoring Board.
Assessment of Outcome Measures
After randomization, demographic information was collected by a research nurse including maternal history, delivery, and neonatal characteristics at birth, at time of randomization and throughout the study period. The research nurse also collected blood samples for immunologic assessments. Immunologic assessments included the following. 
Absolute T-, B-, and NK Cell Numbers
. 33 
NK Cell Cytotoxicity
The assessment of NK cell cytotoxicity was performed at the Flow Cytometry Laboratory at Children' s Hospital of Michigan, Detroit, Michigan. The study used a modified fluorescent-based cytotoxicity assay developed previously at this laboratory. 34 Target cells were analyzed for their viability at the end of coincubation with the effector cells (NK cells) and cell-mediated cytotoxicity was assessed. Ficoll-separated human effector mononuclear cells were coincubated at various effector:target cell ratios by using the target cell line K562 (ATCC line CCL-243; American Type Culture Collection, Manassas, VA). Target cell killing was assessed by examining Annexin-Fluorescein isothiocyanate (FITC)/Propidium iodide (PI) staining in conjunction with monitoring Flow Count Fluorospheres (Beckman Coulter, Brea, CA) present in each tube to obtain absolute viable target cell counts. Target cell cytotoxicity versus effector:target cell ratios were plotted and allowed determination of lytic unit (LU 20 ) values. LU 20 values were determined by obtaining the derived effector:target cell ratio that achieved 20% killing of the target cell population. Cytotoxicity values were obtained in triplicate for each effector:target cell ratio.
Statistical Analysis
The study wasbased onan intent-to-treat design and all statistical analyses were performed by using SPSS Version 17.0 (SPSS Inc, Chicago, IL).
The primary aim of the study was to test the exploratory, null hypothesis that the increase in proportional NK cell numbers was identical in the massage and control groups. Because of the absence of any previous study data in infants, the study was powered based on results of 2 adult studies available at the time of the study. 24, 25 We hypothesized that infants receiving MT would report a 35% increase in the proportion of NK cells in comparison with a 10% increase for infants in the control group. With the 25% proportional difference in NK cells hypothesized to occur between study groups, a sample size of 43 infants per group would provide 80% power. To obtain a balanced number randomized to each gestational age group and to account for a possible dropout rate of ∼10% to 15%, a total of 120 infants with 60 infants in each study group was planned.
Demographic and baseline clinical data obtained were presented as mean 6 SD for continuous variables, and ratios and proportions for categorical variables. The Mann-Whitney U tests were performed for unadjusted values and proportional comparisons between the 2 groups were examined by using Fisher exact x 2 test. A series of 2-factor analysis of covariance models were used to examine mean differences in NK cell numbers and other continuously scaled variables, controlling for baseline differences in NK cell numbers, birth weight, and gestational age at randomization. These results are presented as adjusted findings. Assumptions of normality and homogeneity of variance were checked and verified.
Because there was a difference in the mode of delivery (MOD) noted in the baseline characteristics between the 2 study groups, additional analysis on MOD was done. Factor variables were identified as study group (massage or control) and MOD (vaginal or cesarean delivery). Means, 95% confidence intervals (CIs), and P values were reported and presented in all study subjects as well as by $1 set of 5 consecutive days of study intervention received. Post hoc testing was performed by using the Sidak test to balance possible Type I error and power, given numerous pairwise comparisons conducted. All mean or proportional comparisons between study groups were considered statistically significant at a 2-tailed P value #.05.
RESULTS
Recruitment
Study subjects were recruited at Hutzel Women' s Hospital NICU, between August 2005 and January 2009. A total of 743 infants were screened for study eligibility (Fig 2) . Of these infants, 570 (77%) were
FIGURE 2
Study flow diagram (enrollment, randomization, and follow-up of study patients).
found to be ineligible. One hundred twenty of 173 eligible infants were enrolled; 58 infants were randomized to the massage group and 62 to the control group.
Maternal and neonatal characteristics at birth and randomization are presented in Table 1 . Baseline characteristics were similar between the 2 groups with the exception of MOD and birth weight. More infants were delivered vaginally in the massage group (62%) than in the control group (39%) (P = .03). Birth weight was higher in the massage than in the control group. There was also a trend to a higher weight at randomization in the massage group compared with the control group.
All baseline laboratory characteristics were similar between the 2 study groups ( Table 2 ).
The days (mean 6 SD) of study intervention received (massage 11 6 4 days; control 12 6 5 days; P = .21) were not statistically different between the 2 groups.
Primary Outcome
The primary outcome of proportional increase in absolute NK cells was not statistically different between the 2 study groups (Table 3) .
Secondary Outcomes
Secondary outcome measures (mean values, adjusted and unadjusted) at the end of study are reported in Table 4 . Additional analyses by MOD (vaginal or cesarean delivery) are reported in Table 5 .
Absolute NK Cell Numbers and Cytotoxicity
Mean absolute NK cell numbers was not statistically different between the groups (Table 4) By MOD, among all infants who were delivered by cesarean delivery, those who received MTalso had a higher mean NK cell cytotoxicity compared with the control group (Table 5) .
Other Secondary Outcomes
Absolute white blood cells, B and T cells, and T-cell subsets were not statistically different between the 2 groups (Table 4) .
Meanadjustedfinalweightanddailyweight gain from randomization to end of study were higher among infants in the massage compared with control group (Table 4) .
By MOD, among all infants who were born vaginally, those who received MT were heavier and had significantly more weight gain compared with infants in the control group (Table 5 ).
The number of culture-proven infections and length of hospital stay from randomization until the end of study were not statistically different between the 2 groups (Table 6 ).
AEs
MT was well tolerated among the study infants. Overall, AEs were minor (categories 2 and 3) and mostly related to the respiratory and gastrointestinal systems. AEs in these systems were significantly higher in the control group (87%) than in the massage group (57%; P # .001) ( Table 7 ). All AEs eventually resolved and all were deemed not related to the study interventions.
DISCUSSION
Our present study showed no significant difference in the proportional increase of NK cell numbers between the 2 study groups (massage versus control). However, daily MT performed for $5 days in stable premature infants was associated with a significant increase in adjusted mean NK cytotoxicity compared with no MT. Increased NK cell cytotoxicity may be more clinically relevant than increase in NK cell numbers. Absolute NK cell number and NK cytotoxicity may not always show a positive correlation. El-Sameea et al 35 evaluated NK cell numbers and cytotoxicity in early-onset neonatal sepsis and showed that NK cytoxicity was significantly lower among infants with sepsis (3.4% 6 2.1%, range 0.9%-7%) compared with the nonseptic infants (18.3% 6 6.7%, range 10.7%-25.3%; P , .01) despite lack of differences in absolute NK cell numbers. They concluded that defective NK cell cytotoxicity plays a more important role in susceptibility to early-onset neonatal sepsis than the absolute number of NK cells. Gradual or lack of increase in NK cytotoxicity was consistently associated with poor outcome. NK cytotoxicity is regulated by activating and inhibitory signals that vary depending on the nature of interacting cells. 36 Therefore, increase or decrease in the absolute numbers of NK cells may not result in increased or decreased cytotoxicity. NK cells that display an increased activation status (by way of massage or other inducible signals) can illicit greater cytotoxicity responses than inactivated NK cells. 37 As such, low absolute NK cells may display relatively high cytotoxicity; similarly, high absolute NK cells may display relatively low cytotoxicity.
Abnormalities in the NK cell number/ cytotoxicity and increased susceptibility to infections (varicella zoster virus, 38 herpes simplex virus, 6 HIV, 39 and Epstein-Barr virus 14 ) have been reported. Although the role of NK cells has been mainly to provide antiviral and antitumor effects, NK cells may also play a role in antibacterial, 10, 35 antifungal, 10 and protozoal defense. 40 Preterm and full-term newborn infants with bacterial and fungal sepsis, pneumonias, and recurrent infections have been shown to have an associated decrease in NK cell cytotoxicity compared with healthy newborns. 10 Our study also showed that infants who were delivered via cesarean delivery and received MT had the highest NK cytotoxicity compared with those who received no MTand those born vaginally with and without MT. Infants who were born vaginally and received MT also weighed more and gained more weight than those who did not receive MT.
The mechanism of how massage improves the immune system is still not known and may be due to interplay of various cell types, hormones, and cytokines. [41] [42] [43] In our study, immune parameters at baseline regardless of MOD were no different between the 2 groups, yet infants born via cesarean delivery who received MT had increased NK cytotoxicity at the end of the study. Cesarean delivery has been associated with lower maternal and fetal stress response compared with normal vaginal delivery 44 ; it is possible that MT alleviated stress among infants born via cesarean delivery.
Another important benefit of MT noted in our study was weight gain. All study subjects .05
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All study subjects mean difference of 5 g (95% CI 3.5-6.7 g), 20 which was higher than our results of 2 to 3 g. Other studies have also shown shorter hospital stay, 20 which was not observed in our study population.
Possible explanation of weight gain in infants who received MT includes increase in parasympathetic (vagal) activity during MT, which stimulates the release of food absorption hormones such as insulin and gastrin. 45 Strengths of our study include a randomized, double-blind, placebo-controlled study; screened premature infants; and exclusion of human milk-fed infants.
Analyses were adjusted and controlled for baseline differences and MOD. Study limitations include study population from a single center. Patients were randomized based on PMA; it is possible that there could be differences in results if randomization was based on postnatal age rather than on PMA. In addition, because this was the first such study conducted in premature infants, at the time the study was designed, there was no justification for randomization by MOD so additional randomization based on MOD was not done. Because of the nature of the study (preliminary, exploratory), clinical significance of increased NK cytotoxicity was not assessed. Our future studies will examine the additional effects of MT on immune system and its mechanisms, potential influence of other factors (MOD, human milk intake), clinical benefit of increased NK cytotoxicity, and neurodevelopmental outcome in preterm infants.
CONCLUSIONS
We found a positive association between MT and NK cytotoxicity as well as MT and weight gain in premature infants. MT appears to be safe and may improve the overall outcome of premature infants in the NICU. This randomized, placebocontrolled study suggests the beneficial effect of MT on premature infants and underscores the need for additional larger studies. 
